Abstract: Many methods are available for transferring foreign genes into mammalian celIs (transection).
METHODS

AND RESULTS
Reporter Genw
To test the viability or efficiency of prospective methods of transection, reporter genes are used which have no therapeutic value but instead can be easily assayed. Green Fluorescent Protein (GFP) is a protein found in jellyfish which fluoresces under ultraviolet light (1) . Transected cells, by definition, express GFP and therefore fluoresce, and thus can be counted in a flow cytometer (2) which can quickly count thousands of cells and record their apparent size and intensity of luminescence.
Cell Preparation
Immortalized human chondrocytes (cell line CD4 C20-A4) (3) were plated at a concentration of 1.2 x 106 per six-well plate (35 mm diameter wells) (Becton Dickinson and Company, Franklin Lakes, NJ, USA) and allowed to grow for about 48 hours in Dulbecco's modified Eagle medium (DMEM), containing 10 percent fetal bovine serum (FBS), 10 percent sodium pyruvate, 10 percent L-glutamine, and 1 percent penicillin-streptomycin in a 37°C humidified incubator (5 percent COZ, 95 percent air) until the cells were 50-70 percent confluent, Cells were rinsed three times with Hank's balanced salt solution, and one milliliter of DMEM (without additives) was replaced. Then 40~~g of plasmid DNA was added to the DMEM. One milliliter of growth medium was added to each well.
Ultrasound Exposure
Cells were exposed to ultrasound in a 37°C water bath. Two adjacent wells were exposed simultaneously to 1.0 MHz ultrasound using two 35 mm, air-backed transducers (Figure 1 ). After exposure, cells were replaced into an incubator for 45 min and then a solution containing twice the normal concentration of FBS (20 percent FBS and 80 percent DMEM) was added, Cells were allowed to recover for 24 hours (unless otherwise noted) then trypsinized and analyzed with a flow cytometer.
We investigated the relationship between ultrasonic pressure and transection efficiency at fixed DNA and microbubble concentration. The results of this experiment, presented in Figure 2 , show a linear relationship between transection eficiency and average peak ultrasound pressure with an apparent threshold of about 1 bar.
DISCUSSION AND CONCLUSION
The addition of micro-bubbles of Albunex@ had a marked effect on the efficiency of acoustically induced transection, effectively doubling or tripling the efficiency of the method described in (4) and performed in this experiment with GFP and immortalized chondrocytes. It significantly increased the transection efficiency of low amounts of DNA and shifted the curve to the left.
Artificial nucleation with Albunex@ has been shown to increase mechanical cell damage in the presence of ultrasound in erythrocytes (5) by nucleating violent cavitational occurrences.
The advantages of ultrasound mediated transection for introduction of macromolecules into cells in vitro include:
1. the ability to use very large molecules. 2.
the exposure can be done through the wall of (he labware, maintaining sterility, 3.
very tough cell walls/membranes can be breached perhaps allowing transection of plant cells, yeast, and cyanobacteria, 4, the transection can be controlled in time and space.
Significant enhancement of acoustically induced transection was observed through the use of cavitation nuclei in the form of the contrast agent Albunex@. Microbubbles caused more effective transection at lower intensities and shorter exposure times than were formerly required. Albunex@ microbubbles also seem to have increased the efficiency of low doses of DNA over previous results. AIthough significant cell death occurs, ultrasound mediated transection, enhanced with cavitation nuclei, was shown to transfect upwards of 50 percent of the living cells after exposure. DNA concentration was 40 //g/ml and AIbunex@ concentration was 50x 10C bubbles/ml. Continuous line is best linear fit.
